Polyphenolic and mineral profiles of berries and leaves of V. myrtillus (bilberry) and V. uliginosum (bog bilberry) collected from northwestern Macedonia were examined in this study. Overall, 70 polyphenolic compounds were identified from various classes. Laricitrin-3-O-pentoside, trans-and cis-piceid, hexahydroxydiphenoyl-galoyl-glucose, and feruloylacetyl glucoside and coumaroyl glucoside of kaempferol were identified for Vaccinium genus. Bilberries had higher total phenolic content than bog bilberry. Major differences in the polyphenolic pattern of berries were found in the flavonols content, whereas leaves differed mostly in the procyanidin content. Berries and leaves of bilberry had higher K and P content compared with bog bilberry and similar contents for Ca, Mg, Mn, and Al, which were comparable to the data for other regions, whereas the measured levels of Zn, Fe, and Cu were higher than the ones reported for bilberries from other regions.
Introduction
European bilberry (Vaccinium myrtillus L.) and bog bilberry (Vaccinium uliginosum L.) belong to the Vaccinium genus, Ericaceae family. Vaccinium species are low-growing, perennial herbs found in the temperate climate zones. They are the most important wild berry plants in the forests of the North Eurasia and North America Mountains. They thrive in damp acid soils, damp woods, and sandy and rocky soils, and cover vast areas. The popularity of bilberry can be ascribed to its balanced sweetsour taste and well-known nutritional value. [1] Bilberries collected from wild areas are mainly consumed locally as fresh or processed to different products (jams, syrups, juices, alcoholic liqueur, teas, and sweets). They contain high amounts of sugars (240-600 mmol/kg) and organic acids (58-143 mmol/kg) [2] as well as an assortment of phenolic compounds, which have multiple biological effects. In vitro studies indicate the anti-carcinogenic, anti-inflammatory, and antimicrobial activities. [3] Berries are also widely recognized for their various health-promoting properties including a reduced risk of cancer and cardiovascular disease. [4, 5] Various biological activities of plantderived products are associated with plant phenolic compounds, which is the main reason for the extensive research on their abundance and chemical structures nowadays. Phenolic compounds in berry extracts were shown to have a strong capacity to scavenge oxygen radical species and to inhibit the growth of pathogenic bacteria.
Teas from bilberry leaves have traditional usage in European countries in diabetes as well as in urinary diseases due to their astringent and antiseptic properties. Antibacterial, anti-inflammatory, hypoglycaemic, and hypolipidemic activities are also associated with bilberry leaves. [12] Many phenolic compounds have been identified in bilberries and differences in their phenolic profiles have been observed and linked to numerous factors. Anthocyanins represent the most important group in bilberries, contributing to their attractive purple-blue colour hues but also defining quality traits. [13, 14] The level of anthocyanins varies with cultivar type, season, degree of ripeness, and growing conditions; [15] therefore, reported literature data are quite diverse. Other groups of phenolics identified in bilberries are flavonols, flavan-3-ols, and hydroxycinnamic acids. [8, 9, 13, 16] A proper consumption of minerals is another very important part of the human diet. [17] Some of them present as trace elements (microelements) and are essential for the physiological equilibrium of the organism. The human body does not make minerals and, to meet the daily needs, minerals must be obtained through the diet, which implies the need of having data on the mineral composition of food products, especially the ones considered as health beneficial.
As a part of the current interest in the nutritional and nutraceutical properties of locally produced berries, the aim of this article was to determine the nature and content of polyphenols and minerals (macro-and microelements) of wild bilberries (berries and leaves) grown in Macedonia and compare the composition of local bilberry and bog bilberry to the ones from other regions in the world. This is the first study on the polyphenolic composition of European bilberry and bog bilberry collected from high mountain pastures from the region of Macedonia and the first report of the polyphenolic profile of leaf extracts of bog bilberry. Since wild bilberry is considered a product with high health-promoting potential for consumers, a detailed insight into the nature and content of polyphenols and minerals is necessary for further studies of its potential exploitation.
Materials and methods

Reagents and chemicals
Formic acid, methanol, water, nitric acid (trace pure), hydrogen peroxide, p.a. were purchased from Merck (Darmstadt, Germany). Acetone and acetic acid of analytical grade were purchased from Alkaloid (Skopje, R. Macedonia). Standard of malvidin-3-glucoside chloride was purchased from Phytolab (Vestenbergsgreuth, Germany); (-)-epicatechin, rutin, quercetin, and resveratrol were from Sigma (Darmstadt, Germany); p-coumaric acid, ferulic acid, and caffeic acid were from Genay (Lyon, France). Trans-piceid was from Phytolab (Vestenbergsgreuth, Germany). Standard solutions of metals were prepared by dilution 11355-ICP multi Element Standard IV (Merck, Darmstadt, Germany).
Plant material
Fresh leaves and ripe berries of bilberry (V. myrtillus) and bog bilberry (V. uliginosum) were analysed for the polyphenols and mineral composition. The berries were harvested at commercial ripeness, specifically when 80% of the surface was red, which corresponds to stage 5 in terms of commercial criterion. They have been collected in August 2015 on Shara Mtn., Peak Popova Šapka (1780 m). Plant samples (approximately 100 mature berries of moderate size and 500 g leaf samples) of bilberry and bog bilberry were sampled according to their abundance and biomass (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) replicates from each sampling point). Plant identity (five replicates of both species) was verified by Academician Vlado Matevski 1 at the Department of botany (Institute of biology, Faculty of Natural Sciences and Mathematics, Skopje). Voucher specimens (VM-15 and VU-15) were deposited at the Institute of Chemistry, Faculty of Natural Sciences and Mathematics, Skopje, R. Macedonia.
For polyphenolic compounds analysis, berries were frozen and stored at -80°C until analysis, whereas leaves were air dried to a constant weight at room temperature (25°C) for 7-14 days. For mineral content analysis, all plant samples were washed carefully with redistilled water to remove soil particles. The plant material was also air dried to a constant weight (25°C, for 7-14 days).
Extraction of fruit samples for polyphenols content analysis
Extracts of phenolic compounds were prepared by modifying the method described by Kajdžanoska et al. [18] Precisely weight amount of around 5 g of frozen material was homogenized in 50 mL of icecold deoxygenated methanol that had previously been flushed for a few minutes with nitrogen and extracted with 20 mL of extraction solvent mixture containing acetone and acetic acid (99:1, v/v) (Ika Laborteknik, Staufen, Germany). The extracts were sonicated for 15 min (ultrasonic bath Branson 3510, USA) and centrifuged for 15 min at 3000 RCF at +4°C. The residue was then re-extracted until the solution became colourless (total volume was approximately 100 mL). The supernatants were concentrated in a rotary evaporator (Ika, RV 10, Wilmington, USA) at low pressure (70 mbar) and temperature below 37°C. The volume of the extract (aqueous residue) was made up to 10 mL with 20% methanol in water, and it was filtered through a 0.45 μm pore-size filter (CHROMAL Xtra RC-45/13, Germany) before analysis. Extracts were prepared in triplicate.
Extraction of leaf samples for polyphenols content analysis
Dried leaves were homogenized (Ika Laborteknik, Staufen, Germany) for 30 s. The powders obtained were collected for phenolics extraction. Precisely weighed amount of around 1 g of powdered material (three replicates from each sample) was processed. The extraction procedure for sample preparation was performed with 15 mL of 70% (v/v) methanol, using ultrasonic bath (Branson model 3510, USA) for 30 min and centrifuged for 15 min at 3000 RCF. The supernatant was filtered through a 0.45 mm pore-size filter (CHROMAL Xtra RC-45/13, Germany) before analysis.
Plant extract preparation for mineral content analysis
Plant samples -homogenized berries and dried leaves (0.5 g) -were placed in Teflon digestion vessels. Around 7 mL HNO 3 (69%) and 2 mL H 2 O 2 (30%) were added, and the vessels were capped closed, tightened, and placed in the rotor of the Mars microwave digestion system (CEM, Matthews, North Carolina, USA). The digestion was carried out following the digestion program: (1) temperature 180°C, 10 min ramp time, 1400 W; (2) temperature 180°C, 5 min hold time, 1400 W. Finally, the vessels were cooled, carefully opened, and digests quantitatively transferred to 25 mL calibrated flasks and filled to volume with redistilled water.
LC/DAD/ESI-Ms n analysis
Chromatographic separations were carried out on a 150 mm x 4.6 mm, 5 µm, ZORBAX SB-C18 column (Agilent Technologies, Germany). The mobile phase consisted of water-formic acid (5%, v/ v) (A) and methanol (B) for the berry extracts and water-formic acid (1%, v/v) (A) and methanol (B) for the leaf extracts. Two gradient elution methods were optimized for separation: method 1 (0-5 min, 5% B; 5-45 min, 5-80% B; 45-60 min, 80-100% B and 60-65 min, 100% B) for berry extracts and method 2 (0-5 min, 20% B; 5-10 min, 20-35% B; 10-20 min, 35% B; 20-30 min, 35-50% B; 30-45 min, 50-80% B; 45-55 min, 80-100% B and 55-65 min, 100% B) for leaf extracts. The flow rate used in both methods was 0.4 mL/min. The injection volume was 10 µL and 5 µL for berry and leaf extracts, respectively. The HPLC system was equipped with an Agilent 1100 series diode array detector and an ion trap mass detector in series (Agilent Technologies, Waldbronn, Germany). It consisted of a G1312A binary pump, a G1329A autosampler, a G1379B degasser, and a G1315D photodiode array detector, controlled by a ChemStation software (Agilent, v.08.03). Spectral data from all peaks were accumulated in the range 190-600 nm and chromatograms were recorded at 280 nm for procyanidins and cinchonais, at 300 nm for stilbenes, at 320 nm for hydroxycinnamic acid derivatives and coumaroyl iridoids, at 360 nm for flavonols, and at 520 nm for anthocyanins.
The mass detector was a G2449A Ion-Trap Mass Spectrometer equipped with an electrospray ionization (ESI) system and controlled by LCMSD software (Agilent, v.6.1.). Nitrogen was used as the nebulizing gas at a pressure of 65 psi and the flow was adjusted to 12 L/min. The heated capillary and the voltage were maintained at 325°C and 4 kV, respectively. The parameters for capillary exit offset, skimmer 1, and skimmer 2 were 100 V, 40 V, and 6V, respectively, and compound stability was 100%. MS data were acquired in the positive and negative ionization modes. The full scan covered the mass range at m/z 50-1200.
Identification and quantification of polyphenolic compounds
Liquid chromatography with diode-array detection (LC-DAD) was used for separation and quantification. Peak assignment of the various classes of polyphenols in the chromatograms was based on the comparison of their retention behaviour and UV-Vis spectra to those of the authentic compounds and literature data. The conjugated forms of polyphenolic compounds were further characterized by electrospray ionization mass spectrometric detection in the positive ionization mode for anthocyanins and in the negative ionization mode for flavonols, phenolic acids, coumaroyl iridoids, flavan-3-ols, cinchonais, and stilbenes.
Quantification was performed directly by HPLC/DAD using five-point regression curves (R 2 ≥ 0.999) of authentic standards. Flavonols were determined at 360 nm using quercetin 3-Orutinoside (rutin); phenolic acids and coumaroyl iridoids were determined at 320 nm using caffeic acid; proanthocyanidin derivatives and cinchonains were determined at 280 nm using (-)-epicatehin; anthocyanins were quantified with malvidin 3-O-glucoside chloride at 520 nm; and piceid derivatives were quantified using piceid as an external standard at 300 nm. In case of overlapping peaks in the DAD-chromatograms, separate quantitation was possible with the help of the extracted ion chromatograms (EICs) at the m/z values of the corresponding molecular ions of each overlapping compound: the EIC integral value was used to estimate the contribution of each individual overlapping compound to the joint DAD peaks. Total content is the sum of contents of all identified phenolic compounds.
Analysis with inductively coupled plasma atomic emission spectroscopy Bilberry samples were digested by the microwave digestion system Mars (CEM, Matthews, North Carolina, USA) using nitric acid and hydrogen peroxide. From the obtained solution Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sr, Tl, V, and Zn were analysed by atomic emission spectrometry with inductively coupled plasma atomic emission spectroscopy ICP-AES (Varian, 715-ES, Pocasset, USA) using ultrasonic nebulizer CETAC (ICP/U-5000AT + ) for better sensitivity. Out of the 23 analysed, the contents of seven elements (As, Cd, Co, Mo, Pb, V, and Tl) were below limit of detection (LOD).
Statistical analysis
Statistical treatment including calculations of means and standard deviations was performed applying Excel (Microsoft Office, 2010). Samples were analysed in triplicate, and one-way analysis of variance (ANOVA) was performed using STATISTICA, version 7. Differences at p < 0.5.
Results and discussion
The LC-DAD chromatograms obtained for berries of bilberry and bog bilberry are presented in Fig. 1 (peak assignments as in Table 1 ). The corresponding chromatograms obtained for leaves samples are presented in Fig. 2 (peak assignments as in Table 2 ). The peaks, i.e. polyphenolic compounds, detected in all studied samples were classified into the following groups: anthocyanins, phenolic acid and derivatives, flavonols, coumaroyl iridoids and stilbenes for fruit extracts, and phenolic acid and derivatives, flavonols, flavan-3-ols, coumaroyl iridoids, and cinchonains for leaf extracts.
In total, 74 different compounds were identified and only seven compounds -5-caffeoylquinic acid, feruloylquinic acid, coumaroyliridoid isomer, gallic acid derivative, and several flavonols (quercetin-3-O-glucoside, quercetin-3-O-rutinoside, kaempferol 3-O-glucoside) -were detected in berries and leaves A1-A17 for anthocyanins, Ac1-Ac14 for hydroxycinnamic acid derivatives, F1-F15 for flavonols, S1-S2 for stilbenes, and I1 for iridoid. Peak assignments as in Table 1 . Table 1 . Retention times, UV-Vis, mass spectral data, and contents of phenolic compounds in bilberry and bog bilberry. nd: below detectable levels; FW: fresh weight; DW: dry weight. Average moisture content: 84% and 83.6% for bilberry and bog bilberry, respectively.
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of both species. The total phenolic content for berries (TPC) (mg/100 g FW) was 706 ± 1 for bilberry and 393 ± 1 for bog bilberry. Anthocyanins were the dominant phenolic group (72% for bilberry, 39% for bog bilberry), followed by phenolic acids and derivatives (20% for bilberry, 47% for bog bilberry), whereas flavonoids were a minor group (2% for bilberry, 13% for bog bilberry) (Fig. 3a) .
The results obtained for our samples were higher compared with those for bilberries from Montenegro, [19] where the TPC (mgGAE/100 g FW) ranged from 392 to 520, but was lower compared with the TPC found in bilberries from Serbia (890 ± 9). [20, 21] These three regions (Macedonia, Serbia, and Montenegro) are very close and we suppose that the difference in TPC may be due to the altitude and sunlight. It has been reported earlier that light intensity, photoperiod, and temperature influence the biosynthesis of many secondary metabolites. [22] Jaakola et al. [23] found that the concentration of anthocyanins, catechins, flavonols, and hydroxycinnamic acids were higher in bilberry leaves exposed to direct sunlight. It was also noticed that at altitude higher than 1500 m, higher amounts of total phenolics were observed.
TPC for bog bilberry is generally lower compared with those found in bilberry. The TPC (mgGAE/100 g FW) for bog bilberry from Finland [24] was 161 ± 1 and from Turkey it was 679 ± 5. [9] The TPC (mg/100 g DW) of leaf extracts was 2320 ± 1 and 1656 ± 1 for bilberry and bog bilberry, respectively. The total content of phenolic acids and derivatives (mg/100 g DW) was higher and present 1044 ± 3 for bilberry and 601 ± 1 for bog bilberry and the relative amounts of phenolic acids and derivatives, flavonols, flavan-3-ols, iridoids, and cinchonain were 45%, 36.5%, 14.7%, 3.5%, and 0.3% for bilberry and 36%, 51%, 5.2%, 4.6%, and 3.3% for bog bilberry leaf extracts, respectively (Fig. 3b) .
Identification and quantification of polyphenolic compounds in berries
Anthocyanins
As previously reported, [13] anthocyanins are the major polyphenolic class that characterizes genus Vaccinium. In our study, 13 and 16 different anthocyanins were found in the extracts of bilberry and Ac1-Ac13 for hydroxycinnamic acid derivatives, F1-F15 for flavonols, FL1-FL5 for flavan-3-ols, S1-S2 for stilbenes, I1-I2 for iridoids, and C for cinchonain. Peak assignments as in Table 2 Table 2 . Retention times, UV-Vis, mass spectral data, and contents of phenolic compounds (mg/100 g DW) in bilberry and bog bilberry leaf extracts. nd: not detected (below detectable levels); DW; dry weight; HHDP: hexahydroxydiphenoyl. Average moisture content: 84% and 83.6% for bilberry and bog bilberry, respectively.
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bog bilberry, respectively. From the MS data, five anthocyanidins were detected. The [Y 0 ] + ions at m/ z 303, 287, 317, 301, and 331 indicated delphinidin (aglycone of compounds A1, A2, A4, A14, and A15), cyanidin (A3 and A5), petunidin (A6, A7, A9, and A17), peonidin (A8 and A12), and malvidin (A10, A11, A13, and A16), respectively. Among these, compound A5 was identified as cyanidin 3-O-glucoside by comparison with an authentic reference standard.
L-galactose and D-glucose have been found as the most common sugars linked to flavonoids in wild-growing and cultivated species of the genus Vaccinium, whereas arabinose is the most common pentose. [25] According to previous reports, [26] xylose is the second most common pentose linked to flavonoids in Vaccinium plants, and its glycosides are eluted before the ones of arabinose. Therefore, compounds A4, A9, A12, and A13 were tentatively identified as delphinidin, petunidin, peonidin, and malvidin-3-O-arabinoside, and A15 and A16 as delphinidin and malvidin-3-O-xyloside, respectively. In general, glycosylation usually occurs at hydroxyl groups in positions 3-and 5-in anthocyanidins. [27] Compound A17 with a molecular ion at m/z 625 and neutral loss of 308 giving the aglycone ion at m/z 317 indicated the presence of petunidin-3-O-rutinoside.
Compounds A1-A13 have previously been found in both bilberry and bog bilberry. [13] In our samples, only cyanidin-3-O-galactoside (A3) was not found in bog bilberry. Malvidin-3-O-xyloside (A16) was found only in bog bilberry extracts, which is in accordance with published data, [16, 28] and this compound is a marker for bog bilberry. Delphinidin (A14), delphinidin-3-O-xyloside (A16), and petunidin-3-O-rutinoside (A17) were found only in the extracts of bog bilberry. Only A14 has previously been found in bilberries from Slovenia, [29] whereas A16 and A17 have not been previously reported in bilberry and bog bilberry. Delphinidin-3-O-xyloside (A16) previously was found in Caucasian blueberry (V. arctostaphylos) from Iran [8] and petunidin-3-O-rutinoside (A17) was reported in berry extracts of Madeira blueberry (V. padifolium) from Finland. [13] The total amount of anthocyanins (mg/100 g FW) in berries was 507 ± 1 for bilberry and 152 ± 1 for bog bilberry. The total anthocyanins content in bilberries (507 ± 1) was lower compared with those found in bilberries from Slovenia (1210 ± 111), [29] but in the same range with bilberries from Finland (average value of 411). [30] The content of anthocyanins in bog bilberries (152 ± 1) is in the same range as the published values for bog bilberries from Finland [6, 28] and slightly lower than those found in bog bilberries from Turkey. [9] A previous study demonstrated that higher light intensity seemed to be a more important factor stimulating higher production of phenolics than the soil nutrient status. [31] Petunidin-3-O-glucoside (A7) was the most abundant anthocyanin for bilberry (16% of total anthocyanins), whereas malvidin-3-O-glucoside (A11) was the most abundant anthocyanin for bog bilberry (49% of total anthocyanins).The proportions of the different anthocyanins in bilberries were very similar for four of them: delphinidin (33%), malvidin (24%), cyanidin (22%), and petunidin (22%), and peonidin (2%) had a very low relative amount (Fig. 3a) . In published data for Slovenian bilberries, [29] delphinidin and cyanidin glycosides were found as dominant (>70%), as also recently reported for Finnish bilberries, [30] whereas glycosides of malvidin were dominant in blueberries cultivated in Slovenia. [29] In blueberries from Canada and the United States, for instance, delphinidin glycosides were predominant. [24] In both Slovenian berries, [29] peonidin glycosides content was the lowest and the same was reported for blueberries grown in Finland. [30] The proportions of the major anthocyanins in bog bilberries were 65% malvidin, 18% delphinidin, 13% petunidin, and 2% and 1% for the less-abundant cyanidin and peonidin (Fig. 3a) . These results follow a similar distribution pattern as reported for bog bilberries from Nordic countries (41% malvidin, 28% delphinidin, 19% petunidin, 7% cyanidin, and 2% peonidin), [32] but higher proportion of delphinidin (48%) and lower values of malvidin (15%) were reported for populations of the northwest United States. [24] The proportions of malvidin, delphinidin, petunidin, cyanidin, and peonidin type in Turkish samples of bog bilberry were 46%, 13%, 13%, 21%, and 7%, respectively. [9] Phenolic acids and derivatives Phenolic acids and derivatives were the second major phenolic class in berry extracts. Compounds Ac1 and Ac9 were identified as quinic acid and 5-caffeoylquinic acid, respectively, while Ac5 was identified as the feruloylquinic acid isomer. [33, 34] Analogously, compounds Ac4, Ac6, and Ac8 were tentatively identified as caffeoyl derivatives due to their fragment ion at m/z 179 (caffeoyl moiety). Based on UV-Vis absorption and mass spectra, compounds Ac3 and Ac7 were identified as protocatechuic acid 4-O-β-hexoside with [M-H] -at m/z 315 and hydroxyferuloylglucose with [M-H] -at m/z 371. Ac2 was identified as gallic acid, compared to reference, whereas Ac10, Ac11, and Ac12, according to their UV-Vis spectra, were characterized as gallic acid derivatives.
The phenolic acids content (mg/100 g FW) was 143 ± 1 for bilberry and 183.2 ± 0.3 for bog bilberry with no substantial differences in their content (Table 1, Fig. 3a) . In both samples, gallic acid derivatives (Ac11 and Ac12) were the most abundant, ranging from 70-80% of the total phenolic acids and derivatives content.
The content of individual identified compounds (Ac1-Ac9) (mg/100 g FW) ranged from 19 to 50 for both species. As reported, [29, 35] 5-caffeoylquinic acid (Ac9) was the most abundant hydroxycinnamic acid in bilberries (6.5% of the total phenolic acid content), whereas its content was only 0.3% for bog bilberry. In contrast, the content of quinic acid (Ac1) was much higher in bog bilberry (24% of the total phenolic acids content). The content of hydroxycinnamic acids (A4-A9), together with quinic acid, gallic acid, and protocatehuic acid 4-O-β-hexoside, was in accordance with previously published data. [29, 35] Flavonols Fifteen different flavonols (nine in bilberry and 13 in bog bilberry) were identified according to UVVis absorption and MS data ( Table 1 ). The [Y 0 ] -ions at m/z 317, 301, 331, 315, 345, and 285 indicated six aglycones with the corresponding molecular ions: myricetin (aglycone of F1 and F6), quercetin (F2, F3, F5, F9, and F15), laricitrin (F4, F7, and F8), isorhamnetin (F10 and F14), syringetin (F11 and F12), and kaempferol (F13). F3 was identified as quercetin-3-O-rutinoside by comparison with a standard. The particular hexose moieties from these flavonol glycosides could not be confirmed based on MS information only, whereas, according to previous reports, arabinose was the main pentose linked to flavonoids in Vaccinium plants. [28] Compounds F2, F4, F10, F11, F12, and F13 were tentatively identified by comparison to literature data.
Quercetin
, and quercetin (F15) were previously found in both analysed bilberries. [13] In our extracts, laricitrin (F8) was found only in bilberry, whereas quercetin (F15) was found in bog bilberry. F1 was tentatively identified as myricetin pentoside and it was found only in bog bilberry. There are data for the presence of myricetin-3-O-xyloside in bilberry, [33] whereas myricetin-3-O-arabinoside has been reported in bog bilberry. [16] Quercetin-3-O-arabinoside (F5), quercetin-3-O-rhamnoside (F9), syringetin-3-O-galactoside (F12), and kaempferol-3-О-glucoside (F13) have previously been found in bilberries. [29, 33, 34, 36] In our study, F5 was found in both analysed bilberries, whereas F9 was found only in bilberry, and F12 and F13 only in bog bilberry.
Laricitrin-3-O-galactoside (F4) was found in both bilberry extracts and it has previously been reported only in bog bilberry from Finland. [28] Laricitrin-3-O-pentoside (F7) was found only in the extracts of bog bilberry. This compound has previously been reported in bilberry and highbush blueberry (V. corymbosum) from Slovenia. [32] Compound F14, tentatively identified as isorhamnetin pentoside, was detected only in the extracts of bog bilberry. There are literature data for the presence of isorhamnetin 3-O-xyloside only in bilberry extracts. [36] The content of flavonols (mg/100 g FW) measured in the studied species was 12.1 ± 0.4 for bilberry and 51.0 ± 0.4 for bog bilberry, representing only 1.7% and 13% of TPC for bilberry and bog bilberry, respectively (Fig. 3a) . The total flavonol contents of the studied berries were lower compared to reported data. [6] The average reported flavonol content was 154 ± 40 for bog bilberries from Finland [30] and 93 ± 4 for the ones from China. [16] The average flavonol content for bilberries from Slovenia was 114 ± 6. [32] On the other hand, this total flavonol content in wild species from Macedonia is significantly higher than those reported for cultivated berries (average content 4.2 ± 0.8). [35] The main flavonol in bilberries was quercetin 3-O-rutinoside (F3) (18% of the total flavonols). Quercetin 3-O-glucoside (F2) was the most abundant in bog bilberries (48% of the total flavonols), which together with laricitrin-3-O-galactoside (F4) (11%), quercetin-3-O-arabinoside (F5) (9%), and syringetin-3-O-glucoside (F11) (17%) contributed to 85% of the total flavonols content.
The proportions of quercetin glycosides were 76% and 58% for bilberry and bog bilberry, respectively (Fig. 3a) . Quercetin glycosides have been reported to be more abundant than myricetin glycosides in Chinese bog bilberries [16] and in Slovenian bilberries. [32] In contrast, bog bilberries of the northwestern United States [24] contained more myricetin than quercetin. In our samples, quercetin glycosides were the most abundant but they were not followed by myricetin glycosides. The proportions for laricitrin, syringetin, myricetin, and isorhamnetin glycosides were 13%, 3%, 4%, and 2% for bilberry and 12%, 17%, 6%, and 4% for bog bilberry, respectively.
Iridoids
According to its UV-Vis spectrum and fragmentation pattern with the typical ion at m/z 163 compound I1, previously reported, [33] was tentatively identified as a coumaroyl iridoid isomer. It was found only in bilberry extracts, and it contributed with 4% to TPC.
Stilbenes
There are not many reports on stilbenes in bilberries and bog bilberries except the ones reporting the presence of trans-resveratrol in Slovenian bilberries, [29] and in other berries such as cowberries, cranberries, strawberries, and red currants. [37] Resveratrol, pterostilbene, and piceatannol have been found in other Vaccinium species. [38] However, there are no available data for the presence of piceid (cis-and trans-) in Vaccinium representatives. Based on the characteristic UV-Vis and mass spectra, two compounds were identified as trans-and cis-piceid (S1 and S2) with [M-H] -at m/z 389 and MS 2 spectra of these ions yielded a base peak [M-H-162] -corresponding to the loss of glucose. The structure of trans-piceid (S1) was confirmed using an authentic standard.
Trans-piceid was detected in both studied Vaccinium species and the contents (mg/100 g FW) were 14.3 ± 0.4 and 7 ± 2 for bilberry and bog bilberry, respectively. Cis-piceid was detected only in bilberry and its content was 0.9 ± 0.2. The total content of stilbenes (trans-and cis-piceid) was higher compared to previously reported stilbenes in other Vaccinium species, but lower than those found in grape samples, for example. The average content of trans-resveratrol in bilberries from Slovenia [29] was 0.3 mg/100 g FW.
Identification and quantification of polyphenolic compounds in leaf extracts
Phenolic acids and derivatives Thirteen phenolic acids and derivatives were identified in leaf extracts of the analysed Vaccinium species. Based on its fragmentation pattern in negative ionization mode and comparison to authentic standard, compound (L)Ac3 was identified as chlorogenic acid (5-O-caffeoylquinic acid). (L)Ac5 was identified as 4-caffeoylquinic acid based on its retention order [33] and relative intensities of diagnostic fragments in negative ionization mode. [34] Analogously, (L)Ac4, (L)Ac6, and (L)Ac9 with molecular ions at m/z 337 and characteristic fragmentation patterns explained by Clifford et al. [34] were identified as 3-, 5-, and 4-p-coumaroylquinic acid, respectively. Compounds (L)Ac1 and (L)Ac2 with [M-H] -at m/z 515 were identified as dicaffeoylquinic acid derivatives, whereas (L)Ac7, with
-at m/z 367 and fragment ion at m/z 191 (quinic acid moiety), was identified as feruloylquinic acid isomer. Besides caffeoylquinic acids (L(Ac3) and L(Ac6)), p-coumaroylquinic acids have been reported in the leaves of bilberry from Northern Finland [33] and one isomer each of p-coumaroylquinic acid and feruloylquinic (L(Ac7)) acid were found in our previous study in the leaves of bilberry from Osogovo Mtn. [39] Compounds (L)Ac10, (L)Ac11, and (L)Ac12 ([M-H] -at m/z 411 and MS 2 at m/z 163) were p-coumaric acid derivatives (Table 2 ). (L)Ac13 was tentatively identified as gallic acid derivative and (L)Ac8 as hexahydroxydiphenoyl-galloyl-glucose (HHDP-galloyl-glucose). The latter derivative has not been previously detected in Vaccinium plants, but it was reported in strawberries. [40] Nowadays, bilberry leaves are considered an important source of chlorogenic acid (3-caffeoylquinic acid) that occurs in nature in other isomeric as 4-caffeoylquinic and 5-caffeoylquinic acid. [34] 5-Caffeoylquinic acid was the dominant phenolic compound in bilberry leaf extracts contributing to 57% and 64% to the total phenolic acid derivatives for bilberry and bog bilberry, respectively, and 28% to TPC for both species. These results correspond well to published data where the content of chlorogenic acid in leaves of bilberry from Poland gave up to 35% of TPC. [41] Compounds (L)Ac10, 11, and 12 were found only in the leaf extracts of bilberry (total content 243 ± 4 mg/100 g DW). Also, two isomers of dicaffeoylquinic acid were measured in the leaf extracts of bilberry contributing to 3% in TPC, which were not detected in bog bilberry.
Flavonols
Differences in leaf flavonol profiles between the two species were also found. In total, 15 flavonols were identified in the leaves, 12 in bilberry, and nine in bog bilberry that were glycosides or acyl-glycosides of quercetin, kaempferol, and isorhamnetin. Compound L(F5) (quercetin 3-O-rutinoside) was identified using a standard and MS data ( Table 2) . From UV and MS data and according to Hokkanen et al., [33] seven other quercetin derivatives were detected: 
, and L(F9) have previously been reported in the leaves of bilberry and lowbush blueberry, [33, 42] whereas L(F4), L(F7), L(F9), and L(F12) were found in our previous study.
[ 39] Kaempferol feruloyl-acetylglucoside (L)F1 and kaempferol coumaroylglucoside (L)F2 (Table 2) have not been previously reported in Vaccinium species.
The proportion of flavonols in leaves of bilberry (846 ± 4 mg/100 g DW, 37% of TPC) was lower compared to leaves of bog bilberry (838 ± 2 mg/100 g DW, up to 50% of TPC) (Fig. 3b) . These flavonols contributions to TPC are in accordance with the reported data. The average flavonols content in leaves of bilberry from Finland was 44% [33] and for the representatives from Osogovo Mtn., Macedonia 62%. [39] However, the reported average proportion of flavonols in the wild species of lowbush blueberry leaves was significantly lower (19%). [42] Kaempferol feruloyl-acetylglucoside (L)F1, kaempferol coumaroylglucoside (L)F2, kaempferol-3-O-arabinoside (L)F11, and quercetin-3-O-galactoside (L)F3 were found only in bog bilberry leaf extract, the latter one contributing 63% to the total flavonols content, whereas kaempferol-3-Oarabinoside (L)F11 contributed 16% to the total flavonols content.
In contrast, quercetin The contribution of quercetin glycosides to leaf total flavonols was 94% for bilberry and 65% for bog bilberry. The fractions of kaempferol and isorhamnetin glycosides were higher in bog bilberry (21% and 13%, respectively) compared to bilberry (6% and 1%, respectively). These results are in accordance with the literature data, where quercetin glycosides have been reported to be more abundant. [33] Flavan-3-ols Compounds (L)FL1, (L)FL3, and (L)FL4 were, respectively, identified as proanthocyanidin dimer B type, catechins, and (epi)catechin according to retention times, UV-Vis and MS data of standards (Table 2) 
. (L)FL2 was identified as proanthocyanidin dimer with [M-H]
-at m/z 577 and MS 2 at m/ z 289, whereas (L)FL5 was identified as epicatechin gallate.
All five flavan-3-ols were detected in the leaf extracts of bilberry, and only (L)FL2 was detected in bog bilberry. These compounds are usually found in the berries (even though we didn't find them in our berry extracts), but there are not much data on their presence in the leaves. In our previous study, we detected only catechin in the leaves of bilberry from Osogovo Mtn. [39] In contrast, Hokkanen et al. [33] found seven different flavan-3-ols in the leaf extracts of bilberry. Catechin and procyanidin B2 have also been reported in the leaves of lowbush blueberry (V. angustifolium). [42] The biggest difference between the two studied species was found in the procyanidins content (340 ± 2 and 85.8 ± 0.7 mg/100 g DW for bilberry and bog bilberry, respectively), which present 15% and 5% of TPC for bilberry and bog bilberry, respectively. The proportion of flavan-3-ols in bilberry leaves was higher compared to the values found in bilberry leaves from Northern Finland, [33] where the average content of flavan-3-ols was around 4% of TPC. Procyanidin dimers ((L)FL1 and (L)FL2) had the highest contribution of up to 65% of total flavan-3-ols content and 9% of TPC, followed by catechin ((L)FL3) (28% of total flavan-3-ols and 4% of TPC), and epicatechin ((L)FL4) and epicatechin gallate ((L)FL5) (2% and 3% of total flavan-3-ols, and 0.4% and 0.5% of TPC, respectively). Epicatechin has been reported as the dominant flavan-3-ol in leaves of bilberry from Finland (1.75% to TPC). [33] The content of the detected one procyanidin, previously reported in bilberry leaves from Osogovo Mtn., [39] was 0.21 mg/g DW contributing to 3% to TPC.
Iridoids
The fragmentation spectra of compounds I1 and I2 were identical. The presence of a fragment ion at m/z 163 in negative ion mode suggested a coumaroyl unit, whereas a fragment corresponding to a loss of 44 amu implied carboxylic group in the structure. Loss of a coumaroyl unit from the parent ion produced a fragment ion at m/z 371 and a further loss of 162 amu resulted in the ion at m/z 209 suggesting the presence of hexose moiety in the structure. The ion at m/z 373 corresponds to the loss of a hexose unit directly from the parent ion, implying that the sugar and coumaroyl unit are not linked, but directly attached to the aglycone. Two different iridoid glycosides with the same molecular ions have been detected by Hokkanen et al. [33] in leaves of bilberry and lingonberry. Coumaroyl iridoids have also been reported in cranberry juice. [43] The presence of monotropein in lingonberry and bilberry juice suggests, together with the MS data obtained and interpreted here, that compounds I1 and I2 might be 10-p-trans-and 10-p-cis-coumaroyl-1S-monotropein. This is also supported by the fact that coumaroyl iridoids from cranberry have been identified as 10-p-transand 10-p-cis-coumaroyl-1S-dihydromonotropein. [43] 10-p-trans-coumaroyl-1S-monotropein (vaccinoside) has been reported in V. bracteatum and 10-p-cis-coumaroyl-1S-monotropein (andromedoside) has been reported in Andromeda polifolia, [43] but not in bilberry. The total content of coumaroyl iridoid isomers (mg/100 g DW) was 82.2 ± 0.4 and 76.5 ± 0.8 for bilberry and bog bilberry, respectively, which present 3.5% and 4.6% of TPC. The contribution of these compounds found in this study is higher compared with the literature data for Vaccinium (0.98% of TPC). [33] It was interesting that compound I2 is dominant in bilberry (84% of the total iridoid content and 3% of TPC), whereas compound I1 is dominant in the leaves of bog bilberry (73% of the total iridoid content and 3% of TPC).
Cinchonains
Compound (L)C had molecular ion at m/z 451 and fragment ions at m/z 341, 321, 289, 231, 217, 189, and 177. Its fragmentation pattern has been described by Hokkanen et al. [33] in leaf extracts of bilberry and identified as cinchonain Ix (x = a, b, c or d) .
The content of (L)C was 7.0 ± 0.2 and 54 ± 2 mg/100 g DW contributing to 0.3% and 3.3% to TPC for bilberry and bog bilberry, respectively. These results are much lower compared with those of Hokkanen et al., [33] where the content of cinchonains (six different compounds) constituted up to 18.5% of TPC.
Mineral content of berries and leaves of bilberry and bog bilberry
The mineral content of fruits and vegetables contributes to augment their nutritional value, but at the same time, trace elements can be toxic at concentrations beyond those necessary for their biological functions. Information on the mineral composition is important to assess the benefits of consumption of wild species such as bilberry. [44] In this investigation, a comprehensive study was made on the content of a certain number of elements in wild bilberry. Besides the phenolic compounds in bilberry, it is also essential to determine the content of minerals, particularly in the berries and leaves that are used and consumed. Four macroelements (Ca, K, P, and Mg) and 12 microelements (Al, Fe, Na, Ag, Ba, Cr, Cu, Li, Mn, Ni, Sr, and Zn) were analysed in this study, performed on dried berry and leaf samples of bilberry and bog bilberry ( Table 3) .
The berries and leaves of bilberry had a higher potassium content (mg/100 g DW) (898 and 657, respectively) compared with the berries and leaves of bog bilberry (614 and 563, respectively). This level is comparable to the K level in bilberry consumed in Finland (680), [45] and higher than the one reported for bilberry from Latvia and Italy (482 and 547, respectively). [46, 47] Berry samples from bilberry also contained a higher level of phosphorus (80.8 mg/100 g DW) compared with bog bilberry (59.9 mg/100 g DW), whereas its content in the leaves of both species was around 63 mg/100 g DW. These values are lower than the ones found in berries of bilberry from Finland, Latvia, and Italy (130, 95, and 117 mg/100 g DW, respectively), [45] [46] [47] but comparable to the ones in UK and Mexico (40-150 and 60-190 mg/100 g DW). [48, 49] The content of Ca (mg/100 g DW) in the berry samples of bilberry and bog bilberry was 200 and 174, respectively. These berries contained similar levels of Ca as European berries such as raspberry (160), bilberry, lingonberry, and cranberry (140, 100 and 110 mg/100 g DW, respectively) from Finland, [45] bilberry from Italy (140 mg/100 g DW) (39) and blueberry, bilberry, and red berry (57, 160, and 241 mg/100 g DW, respectively) from Latvia. [47] The leaves of bilberry and bog bilberry were found to be a very rich source of Ca containing above 1300 mg/100 g DW.
The levels of Mg were 80 and 60 mg/100 g DW for bilberry and bog bilberry, respectively (Table 3) . These levels were similar to or slightly higher than those in bilberries consumed in Finland Table 3 . Content of macro-and microelements in berries and leaves of bilberry and bog bilberry.
